To illustrate explicitly that compact structures tend to experience larger positive optical torque (POT), while discrete rotational symmetry favors negative optical torque (NOT), we plotted the following quantities in Fig. S2 for the structures shown in Fig. S1 ,
Consequently the observed effect is a collective effect, which cannot be explained solely by the superposition of spheres or the overall structural size. A typical example is shown in Fig. S3 to demonstrate more explicitly the role of symmetry and compactness. In Fig. S3 where the structures are of approximately the same size, by comparing the red and blue lines, it can be seen that as the degree of rotational symmetry increases, NOT is enhanced. Similarly, by comparing blue and black lines, the more compact black line has considerably stronger POT.
One may anticipate that NOT is vulnerable to material absorption and occurs exclusively for non-absorptive particles, as every photon absorbed will impart an angular momentum of i m  to the structure. While absorption does introduce a positive bias, as shown in Fig. S2 , where the black points (with absorption) are shifted toward the positive side compared to their corresponding blue points (without absorption).
However, NOT survives for those structures that have sufficiently high discrete rotational symmetry [see, Fig. S2(a) ]. A more explicit example is shown in Fig. S4 . As a direct consequence of absorption, the torque on the three-fold symmetric structure is still oscillatory but biased to the positive side. By progressively increases the rotational symmetry from three to six and to nine-fold, the oscillation is significantly enhanced compared to the bias, therefore NOT becomes significant. These indicate that discrete rotational symmetry enhances NOT even in the presence of material absorption.
Supplementary Figure S1 | Examples of planar structures that can realize NOT. 
